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h i g h l i g h t s
New brain-computer interface approach with training of coherence between target areas. Healthy subjects and stroke patients can learn to enhance coherence. Training of alpha-band coherence between motor cortex and rest of brain leads to improved motor performance after stroke.
a b s t r a c t
Objective: Neurofeedback training of motor cortex activations with brain-computer interface systems can enhance recovery in stroke patients. Here we propose a new approach which trains resting-state functional connectivity associated with motor performance instead of activations related to movements. Methods: Ten healthy subjects and one stroke patient trained alpha-band coherence between their hand motor area and the rest of the brain using neurofeedback with source functional connectivity analysis and visual feedback. Results: Seven out of ten healthy subjects were able to increase alpha-band coherence between the hand motor cortex and the rest of the brain in a single session. The patient with chronic stroke learned to enhance alpha-band coherence of his affected primary motor cortex in 7 neurofeedback sessions applied over one month. Coherence increased specifically in the targeted motor cortex and in alpha frequencies. This increase was associated with clinically meaningful and lasting improvement of motor function after stroke. Conclusions: These results provide proof of concept that neurofeedback training of alpha-band coherence is feasible and behaviorally useful. Significance: The study presents evidence for a role of alpha-band coherence in motor learning and may lead to new strategies for rehabilitation. Ó 2014 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The technology of brain-computer interfaces (BCI) enables the monitoring of brain activity and the generation of a real-time output about specific changes in activity patterns. The recorded subject receives a feedback about the neural activity associated with his/her efforts and can thus learn to voluntarily modulate brain activity (Kamiya, 1969) . This has been shown in particular for the sensorimotor rhythm (SMR). The SMR corresponds to activity of neuronal groups in the sensorimotor cortex in alpha and beta frequencies ($8-30 Hz), which is suppressed by real or imagined movements (Arroyo et al., 1993; Pfurtscheller et al., 2006) . The ability of humans to voluntarily modulate the SMR has led to the development of BCI for motor substitution, i.e., for controlling prosthetic and robotic devices (Galan et al., 2008; McFarland et al., 2008) . A more recent application of BCI technology consists in training brain patterns with feedback. In neurorehabilitation, the interest of neurofeedback lies mainly in its potential for improving recovery of patients with brain lesions (Birbaumer et al., 2007; Daly et al., 2008) . Neurofeedback for motor rehabilitation mostly aims to train SMR modulation (Buch et al., 2008; Broetz et al., 2010; Caria et al., 2011; Ramos-Murguialday et al., 2013) and thus can be seen as a support for motor imagery training (Mattia et al., 2012 
